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Endothelial cellBy transporting regulatory RNAs like microRNAs, extracellular vesicles provide a novel layer of
intercellular gene regulation. However, the underlying secretory pathways and the mechanisms
of cargo selection are poorly understood. Rab GTPases are central coordinators of membrane
trafficking with distinct members of this family being responsible for specific transport pathways.
Here we identified a vesicular export mechanism for miR-143, induced by the shear stress respon-
sive transcription factor KLF2, and demonstrate its dependency on Rab7a/Rab27b in endothelial
cells.
 2015 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
MicroRNAs (miRs) are small non-coding RNAs, exhibiting a vast
posttranscriptional regulatory potential [1,2] and have been impli-
cated in the regulation of numerous complex biological processes
including cardiovascular homeostasis and disease [3]. Relying on
vesicular secretion, miRs were recently shown to be additionally
involved in intercellular communication [4,5]. According to their
approximate diameter and subcellular origin, extracellular vesicles
can be grouped into two general classes: Microvesicles
(100–1000 nm), which are directly shed from the plasma mem-
brane based on increased actin polymerization [6] and exosomes
(50–100 nm), which are released by fusion of late endosomes
(multivesicular bodies; MVBs) with the plasma membrane. The lat-
ter process involves proteins of the Ras-related proteins in brain
(RAB) family, which constitute the largest group of small mono-
meric GTPases. As peripheral membrane proteins, Rab proteins
are reversibly anchored by a double prenylation of their C termini,a posttranslational modification necessary for proper localization
and function [7,8]. Functionally, Rab proteins coordinate mem-
brane trafficking events on the basis of cyclic interconversion
between active, GTP-bound states and inactive, GDP-bound states
[9,10]. Until today, 70 Rab proteins have been identified in the
human system with different Rab proteins being specific for
distinct transport pathways and subcellular compartments [11].
With respect to vesicular secretion, Rab11, Rab27a/27b, and
Rab35 were found to be essential for exosomal release in different
cell lines [12–14]. Regarding their distinct function and subcellular
localization, these members of the Rab family act on different
membrane-bounded compartments: Rab11 and Rab35 mediate
slow endocytic recycling through recycling endosomes, whereas
Rab27a/27b are predominantly found with late endosomes [10].
Another late endosomal Rab protein, Rab7, mediates the matura-
tion of late endosomes and their fusion with lysosomes [15], and
has also been shown to regulate the release of exosomes enriched
for late endosomal proteins in MCF-7 tumors [16].
Previously, we showed that KLF2 (Krüppel-like factor 2), a shear
stress responsive transcription factor linking haemodynamic
stimuli with gene expression, promotes the vesicular secretion of
miR-143/145 in endothelial cells [5]. However, the involved pro-
teins and secretory pathways remained elusive. In this report, we
show that KLF2 overexpression particularly induced the release
of miR-143 and miR-150; both protected from degradation by
detergent sensitive extracellular vesicles. By screening a subset of
0
1
2
3
4
5
6
7
8
9
10
11
12
Mock KLF2
(f
ol
d 
m
oc
k;
 n
or
m
al
iz
ed
 to
 R
PL
P0
) 
0
1
2
3
4
5
6
7
8
miR-17 miR-19a miR-20a miR-92a miR-27b miR-30c miR-126 miR-143 miR-150
(f
ol
d 
m
oc
k;
 n
or
m
al
iz
ed
 to
 U
6)
 
m
iR
 e
xp
or
t 
(e
xt
ra
ce
llu
la
r 
/ 
ce
llu
la
r 
[2
^
-C
t ])
0.0
0.5
1.0
1.5
2.0
2.5
3.0
miR-143
0
5
10
15
20
25
30
35
40
45
miR-150
(a)
(c)
(d)
KLF2
α-Tubulin
Mock KLF2
(b)
0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
miR-17 miR-19a miR-20a miR-92a miR-27b miR-30c miR-126
*
* *
*
*
*
*
*
*
*
*
*
* *
Fig. 1. KLF2-induced miR-specific export in endothelial cells. (a and b) Overexpression of KLF2. KLF2 was overexpressed in HUVECs by lentiviral transduction and expression
levels were determined by qRT-PCR, normalized to RPLP0 mRNA, P < 0.05 (a), and western blot (b). Mock transduction was used as a control. (c) KLF2-induced changes of
cellular miR expression. Relative cellular miR expression levels were measured by qRT-PCR in KLF2-transduced HUVECs and as control after mock transduction. Data are
normalized to U6 snRNA and depicted as fold mock ± S.E.M. n = 4–5, P < 0.05. (d) miR export. Supernatants from KLF2-transduced HUVECs were collected for 72 h and
extracellular vesicles were concentrated by ultracentrifugation. Cellular and extracellular miR levels were determined by qRT-PCR and used for export ratio calculation. Data
are depicted as export ratio ± S.E.M. n = 3–5, ⁄P < 0.05.
N. Jaé et al. / FEBS Letters 589 (2015) 3182–3188 3183Rab GTPases for their functional role in miR secretion by RNAi, we
found that a Rab7a/27b dependent, Rab27a-independent,
exosomal pathway mediates the export of miR-143.
2. Materials and methods
2.1. Cell culture
Human umbilical venous endothelial cells (HUVECs) were
purchased from Lonza and cultured as previously described [17].
Overexpression of KLF2 and confirmation by western blottingwas performed according to Dekker et al. [18]. GFP- and
GFP-Rab7a-inducible HeLa cells were cultured in the presence of
hygromycin B (100 lg/ml) and blasticidin S (5 lg/ml). Expression
of GFP and GFP-Rab7a was induced for 24 h by adding doxycycline
to a final concentration of 1 lg/ml.
2.2. miR degradation assays
KLF2-transduced HUVECs were seeded in 21 cm2 cell culture
dishes with 4 ml supplemented endothelial basal medium and
incubated for 48 h. Supernatants were centrifuged for 10 min,
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Fig. 2. Endothelial miR-150 is secreted by detergent-sensitive lipid vesicles.
Supernatants from KLF2-transduced HUVECs were collected for 48 h and subjected
to the indicated treatments. Relative miR-150 levels were determined by qRT-PCR.
Data are depicted as % control (incubation on ice) ± S.E.M. n = 8, P < 0.05.
3184 N. Jaé et al. / FEBS Letters 589 (2015) 3182–31884000g, 4 C and 150 lg RNase A (Life Technologies) and 2.5 ll Tri-
ton X-100 were added for 30 min at 37 C (control on ice) before
assessing miR concentrations by RT-PCR.
2.3. RNA interference and preparation of extracellular vesicles by
ultracentrifugation
Cells were seeded (1.07  106/T75 flask) and transfected using
Lipofectamine RNAiMax (Life Technologies) and siRNAs (Sigma–
Aldrich; Supplemental Table 1) at a final concentration of 65 nM.
After 24 h, cells were washed with PBS and supplied with new
medium. After further incubation for 48 h, supernatants were cen-
trifuged for 10 min, 4000g, 4 C and subsequently for 90 min at
50000 rpm (232932g; MLA-50 rotor; k-factor 91.9), 4 C or alter-
natively, for 60 min at 50800 rpm (140180g; TLA-110 rotor;
k-factor 61.2), 4 C. Pellets were washed with PBS and centrifuged
as described above. Finally, vesicles were resuspended in 200 ll
PBS and RNA was isolated.
2.4. RNA preparation and qRT-PCR
RNA from cells and extracellular vesicles was prepared using
miRNeasy Mini Kits (Qiagen) according to the manufacturer’s
instructions. For TaqMan RT-PCR, cDNA was synthesized from
10 ng cellular RNA and equal volumes of vesicle-derived RNA by
multiplexing miR-specific TaqMan MicroRNA Assays (Life Tech-
nologies). qRT-PCR was performed according to the manufacturer’s
instructions in a StepOnePlus machine (Applied Biosystems). U6
snRNA was used as a control for cellular samples. For SybrGreen-
based qRT-PCR, cDNA was synthesized from 0.5 to 1.0 lg RNA
using MuLV reverse transcriptase (Life Technologies) and random
hexamers (Thermo Scientific). Gene expression was normalized
to RPLP0. Pri-miR levels were determined using TaqMan
Pri-miRNA Assays (Life Technologies) after reverse transcription
of 0.5 lg total cellular RNA. Primer sequences are available upon
request.
2.5. Immunofluorescence
Cells were seeded on fibronectin-coated glass chamber slides
(Thermo Scientific) overnight and fixed (4% formaldehyde in PBS)
for 10 min at RT. Subsequently, cells were permeabilized (0.1%
Triton X-100 in PBS) for 10 min at RT and blocked for 1 h with
blocking solution (3% BSA in PBS). Primary antibodies, directed
against Rab7 (D95F2, Cell Signaling, 1:100) and CD63 (ab8219,
Abcam, 1:200) were incubated overnight in blocking solution at
4 C. After extensive washing, cells were incubated with Alexa
Fluor labeled secondary antibodies (1:200 in blocking solution)
for 1 h and counterstained with Hoechst. Confocal pictures were
taken using a Zeiss LSM 780 microscope equipped with Zen
imaging software and analyzed using ImageJ.
2.6. GFP-immunoprecipitation
HeLa cells were induced with doxycycline (1 lg/ml) or as
control with DMSO and incubated for 24 h. Expression of GFP
and GFP-Rab7 was confirmed by fluorescence microscopy. Cell
lysate preparation and anti-GFP IP were performed using the
GFP-Trap_M Kit (ChromoTek) according to the manufacturer’s
instructions with extended antibody binding for 2 h at 4 C. After
the last wash, beads were resuspended in 700 ll Qiazol and RNA
was prepared using miRNeasy Mini Kits (Qiagen) and analyzed
by qRT-PCR. For GFP western blotting, IP reactions were separated
by SDS PAGE, blotted on PVDF membranes (Millipore) and blocked
in blocking buffer (5% BSA, TBE, 0.1% Tween 20). Anti-GFP antibod-
ies (Cell Signaling; 1:1000) were incubated in blocking solution at4 C overnight and HRP-coupled secondary antibodies were used at
a 1:5000 dilution in blocking solution at RT for 1 h.
2.7. Statistical analysis
Data are expressed as mean ± S.E.M. GraphPad Prism 5 software
was used to assess statistical significance by Student’s t-test or
Mann–Whitney U test when comparing two groups or analysis of
variance (ANOVA) followed by Newman–Keuls correction for
multiple comparisons. Probability-values of less than 0.05 were
considered significant and tests were performed two-sided.
3. Results
3.1. miR secretion is a selective process
In order to analyze how KLF2 alters miR expression and secre-
tion, we first overexpressed KLF2 by lentiviral transduction to
levels that mimic shear stress conditions (Fig. 1a, b and Supple-
mental Fig. 1). Subsequently, we analyzed KLF2-induced changes
in endothelial miR levels by qRT-PCR, focusing on miRs with a
well-established function in cardiovascular biology (Fig. 1c). KLF2
overexpression did not affect the expression of the members of
the polycistronic miR-17/92 cluster [19]. In contrast, miR-27b, -
143, and -150 were found to be intracellularly upregulated upon
KLF2 overexpression, with miR-143 and -150 being 6 fold
enriched over mock conditions. To determine the influence of
KLF2 on the export of the selected miRs, we measured extracellular
miR levels from KLF2-transduced HUVECs and calculated the cor-
responding export ratios (Fig. 1d). Strikingly, we found that the
observed changes in cellular miR levels are not necessarily
reflected in miR secretion: The intracellularly upregulated miR-
27b exhibits the lowest export ratio for all miRs analyzed, whereas
the likewise upregulated miRs 143 and 150 are found to be
strongly secreted. However, miR-150 export exceeds the export
of miR-143 by a factor of 16. Finally, the members of the
non-regulated miR-17/92 cluster show an export below miR-143
but above miR-27b (Fig. 1d). Taken together, these data strongly
argue for a specific miR export in endothelial cells that is induced
by KLF2.
3.2. miR-150 is secreted by extracellular vesicles
miR export can be mediated by various carriers including
membrane-derived vesicles or protein complexes, which protect
their RNA cargo from degradation [20]. In earlier studies, we
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Fig. 3. Export of miR-143 depends on Rab7a and Rab27b. (a) RNAi-mediated silencing of Rab GTPases. KLF2-transduced HUVECs were transfected with the indicated siRNAs
and knock down levels were determined by qRT-PCR, normalized to RPLP0 mRNA. Data are depicted as % siCtl ± S.E.M. n = 4–6, P < 0.05. (b and c) Cellular expression of miR-
143 and miR-150 upon Rab protein silencing. Relative cellular expression of miR-143 (b) and miR-150 (c) was measured by qRT-PCR in KLF2-transduced HUVECs transfected
with the indicated siRNAs. Data are normalized to U6 snRNA and depicted as fold siCtl ± S.E.M. n = 4–6, P < 0.05. (d and e) Export of miR-143 and miR-150 upon Rab protein
silencing. Rab protein expression was silenced in KLF2-transduced HUVECs and extracellular vesicles were concentrated by ultracentrifugation. Extracellular miR levels were
determined by qRT-PCR and used to calculate export ratios for miR-143 (d) and miR-150 (e). Data are depicted as fold siCtl ± S.E.M. n = 4–6, ⁄P < 0.05.
N. Jaé et al. / FEBS Letters 589 (2015) 3182–3188 3185demonstrated that KLF2-transduced HUVECs secrete miR-143/145
via extracellular vesicles [5], however, the secretory pathway for
miR-150 is unknown. Therefore, we analyzed potential carriers
implicated in KLF2-induced miR-150 secretion. In order to discrim-
inate between membrane-enclosed miRs, membrane-attachedmiRs and protein-bound miRs, cell culture supernatants were
subjected to detergent-based degradation assays (Fig. 2). We found
that incubation with RNase A alone did not significantly alter
miR-150 levels. In contrast, combinatorial treatment with the
detergent Triton X-100 and RNase A lead to an almost complete
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Fig. 4. Cellular miR-143 is associated with Rab7a. (a) Rab7a colocalizes with CD63.
KLF2-transduced HUVECs were fixed and subjected to indirect immunofluorescence
using antibodies directed against Rab7a (red) and CD63 (green). Nuclei were
stained with Hoechst (blue). A representative image is shown. (b and c) miR-143 is
predominantly associated with Rab7a. Expression of GFP-Rab7a or GFP as a control
was induced in doxycycline-inducible HeLa strains and total cell lysates were used
for anti-GFP immunoprecipitation and GFP western blotting (b). Levels of co-
precipitated miR-143, miR-150, and U6 snRNA were analyzed by qRT-PCR (c). Data
are shown as fold GFP control IP ± S.E.M. n = 4, ⁄P < 0.05.
3186 N. Jaé et al. / FEBS Letters 589 (2015) 3182–3188degradation of miR-150. In summary, we show that miR-143/145
[5] and miR-150 are secreted in a vesicle-enclosed form from
endothelial cells thus being protected from degradation by RNases.
3.3. Secretion of miR-143, but not miR-150, depends on Rab7a and
Rab27b
Rab proteins are small GTPases which control different mem-
brane trafficking steps, depending on their subcellular localization
[10,11]. Specifically, Rab7a, Rab11a, Rab27a, Rab27b, and Rab35a
coordinate trafficking processes associated with vesicular secre-
tion. In this context, we additionally found Rab1b to be enriched
in cell culture supernatant samples from KLF2-transduced HUVECs
(data not shown). In order to analyze the contribution of these
GTPases to the vesicular export of miR-143 and miR-150, we firstinterfered with their expression using siRNA-mediated knock-
down in KLF2-transduced HUVECs (Fig. 3a). Subsequently, we ana-
lyzed the effects on cellular miR-143 and miR-150 levels
(Fig. 3b and c). With exception of Rab7a silencing, inhibition of
Rab protein expression did not significantly alter intracellular
levels of mature miR-143; RNAi of Rab7a instead lead to an 4.3
fold increase of miR-143 levels compared to control conditions
(Fig. 3b). Pri-miR-143 levels were also increased by siRab7a, sug-
gesting a transcriptional upregulation of miR-143 after Rab7a
silencing (Supplementary Fig. 2a and b). In contrast to miR-143,
intracellular miR-150 levels were not significantly changed after
Rab protein silencing (Fig. 3c). To analyze effects on miR export,
we additionally measured extracellular miR levels and calculated
export ratios for miR-143 and miR-150 (Fig. 3d and e). Whereas
RNAi of most of the analyzed Rab candidates showed no effect
on miR-143 secretion, silencing of Rab7a and Rab27b strongly
interfered with miR-143 export (Fig. 3d). In this context, silencing
of Rab27b not only reduced the miR-143 export ratio but also
reduced total extracellular miR-143 levels (fold siCtl: 0.48 ± 0.07).
Interestingly, silencing of its isoform Rab27a, which is essential
for exosomal secretion in HeLa cells [14], seems not to influence
vesicle-mediated miR-143 export in endothelial cells. With respect
to miR-150, neither silencing of Rab7a or Rab27b, nor of any other
Rab protein tested altered its secretion, suggesting that miR-150 is
secreted in a Rab-independent pathway (Fig. 3e). Additionally, we
analyzed the subcellular localization of Rab7a and CD63, which is
enriched on exosomes and cycles between the exocytic pathway
and MVBs [21,22]. As seen by immunofluorescence, Rab7a
colocalizes with CD63+ vesicular structures in mock- and
KLF2-transduced HUVECs (Fig. 4a and Supplementary Fig. 3). In
this context, a detailed evaluation revealed 17.4% ± 2.3% of the
Rab7a signal to colocalize with CD63. To further analyze the link
between Rab7a, CD63, and miR secretion, we performed anti-GFP
immunoprecipitations (IPs) using cell lysates of GFP-Rab7a-
inducible HeLa cells (Fig. 4b). By analyzing co-precipitated RNAs
using qRT-PCR, we found only miR-143, but neither miR-150 nor
U6 snRNA to be significantly enriched in IPs of GFP-Rab7a lysates,
compared to control GFP lysates (Fig. 4c). Taken together, these
results demonstrate a non-redundant function of the two Rab27
isoforms and establish Rab7a and Rab27b as essential factors for
the vesicle-mediated secretion of miR-143.
3.4. miR-150 is not secreted by microvesicles
Depending on their cellular origin, extracellular vesicles can be
grouped into exosomes and microvesicles. Since silencing of
exosome-associated Rab proteins showed no effect on miR-150
secretion, we analyzed microvesicle-mediated secretion as an
alternative pathway. To this end, we used KLF2-transduced
HUVECs and inhibited the expression of LIM domain kinase 1
(LIMK1) (Fig. 5a) which is known to be an essential modulator of
actin filament dynamics regulating microvesicle release [6]. Subse-
quently, qRT-PCR was used to analyze changes in cellular and
extracellular miR-150 levels. Surprisingly, silencing of LIMK1 did
neither influence cellular miR-150 levels nor miR-150 export
(Fig. 5b–d). Likewise, miR-143 export was not affected (data not
shown).
4. Discussion
In this report we showed that the shear stress inducible tran-
scription factor KLF2 promotes the secretion of miR-143 and
miR-150 through lipid-sensitive extracellular vesicles in HUVECs.
Regarding vesicle identity, a previous proteomic analysis of iso-
lated endothelial vesicles in our lab identified numerous proteins
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Fig. 5. miR-150 export is independent from LIMK1-mediated microvesicle shedding. (a) RNAi-mediated silencing of LIMK1. KLF2-transduced HUVECs were transfected with
siRNAs against LIMK1 and knock down levels were determined by qRT-PCR, normalized to RPLP0 mRNA. Data are depicted as fold siCtl ± S.E.M. n = 3, P < 0.05. (b) Cellular
expression of miR-150 upon LIMK1 silencing. Relative cellular expression of miR-150 was measured by qRT-PCR in KLF2-transduced HUVECs after silencing of LIMK1. Data
are normalized to U6 snRNA and depicted as fold siCtl ± S.E.M. n = 3. (c) Extracellular miR-150 levels upon silencing of LIMK1. LIMK1 was silenced in KLF2-transduced
HUVECs, extracellular vesicles were concentrated by ultracentrifugation and analyzed for miR-150 levels by qRT-PCR. Data are depicted as fold siCtl ± S.E.M. n = 3. (d) Export
of miR-150 upon LIMK1 silencing. Cellular as well as extracellular miR-150 levels were determined upon LIMK1 silencing in KLF2-transduced HUVECs by qRT-PCR and used
for export ratio calculation. Data are depicted as fold siCtl ± S.E.M. n = 3, ⁄P < 0.05.
N. Jaé et al. / FEBS Letters 589 (2015) 3182–3188 3187known to be associated with exosomes, a finding which coincides
with a median vesicle size of 99 nm as determined by electron
microscopy [5]. By calculating export ratios for different miRs,
we further obtained strong evidence for a selective miR export.
For example, miR-27b and miR-30c were both found to be
upregulated on cellular levels upon KLF2 overexpression, however,
unequivocally displayed different export ratios in KLF2-transduced
cells. Additionally, miR-143 and miR-150 were found to be equally
regulated by KLF2 and extensively secreted, however, miR-150
export clearly exceeds the export of miR-143. In this context,
nanoparticle tracking analysis suggests that the total amount of
secreted vesicles in KLF2-transduced HUVECs is reduced (data
not shown). This implies that miR export is not necessarily a con-
sequence of cellular miR abundancy or increased vesicle secretion
and rather argues for a selective secretory process. In this context,
Villarroya-Beltri et al. derived consensus sequence motifs of miRs
secreted from primary T lymphocytes that control exosomal secre-
tion (EXOmotifs) versus cellular retention (CLmotifs) [23]. By ana-
lyzing the extensively secreted miR-150, we found that miR-150
features two EXOmotifs, one of them (CCCU) perfectly matching
the consensus sequence and the other (CCCA) only showing a slight
variance at the last nucleotide. In line with this result, the second
strongest secreted endothelial microRNA, miR-143, also features
an EXOmotif (UGAG) which again differs only in one position from
the consensus sequence. However, the question whether these
motifs alone are sufficient to govern miR secretion is not finally
clarified since we additionally found EXOmotifs in miRs which dis-
played the lowest secretion ratios in HUVECs, e.g. miR-126 and
miR-27b (Supplemental Table 2).
To analyze the underlying mechanisms of miR secretion in more
detail, we silenced a subset of Rab GTPases involved in trafficking
of MVBs and endosomes and found Rab7a to be crucial for vesicu-
lar miR-143 release. Functionally, Rab7a is mainly implicated inlate endosomal maturation and endocytic trafficking leading into
degradative pathways [10,24,25]. However, a proteomic analysis
of dendritic cell derived exosomes by Théry and colleagues identi-
fied proteins previously shown to be associated with endosomes
and lysosomes to be additionally found in exosomes [26]. This
observation is in agreement with our observed Rab7a-dependent
secretion of miR-143, the cytoplasmic colocalization of the exoso-
mal marker CD63 and Rab7a, and the biogenesis of exosomes in
the endocytic pathway. Along with Rab7a we found Rab27b, but
not its homolog Rab27a, to be necessary for miR-143 secretion in
HUVECs. Regarding functional redundancies and differences
between Rab27a and 27b, different studies suggest a strong depen-
dency on the cell type and the secretory process studied: For exam-
ple, Rab27b was found to regulate granule dynamics and secretion
in mast cells, whereas Rab27a was shown to be not essential for
these processes [27]. A key function for Rab27b was also observed
for dense granule secretion in platelets [28]. In contrast, a study
performed in HeLa cells found both proteins to play key roles in
exosome secretion by targeting MVBs to the cell periphery, how-
ever, revealed non-redundant roles in the MVB pathway [14].
Our observation that miR-143 secretion relies on Rab27b but not
Rab27a is therefore in agreement with cell type specific functions
of distinct Rab proteins.
Finally, we analyzed a possible mode of secretion of endothelial
miR-150 and found that detergent-based degradation assays
significantly reduced miR-150 levels. Since detergents
unspecifically degrade lipid-based carriers, one cannot distinguish
between exosomal-, microvesicular- or lipoproteosomal-mediated
secretion. However, by analyzing levels of lipoprotein-associated
circulating miRs in human plasma, we showed in an earlier study
that only 1–2% of circulating miR-150 is HDL-bound [29] thereby
discarding this secretory pathway for miR-150. In addition, RNAi
mediated silencing of protein factors necessary for exosomal and
3188 N. Jaé et al. / FEBS Letters 589 (2015) 3182–3188microvesicular secretion did not lead to a specific reduction of
miR-150 secretion in endothelial cells. Finally, an alternative secre-
tory pathway involving Weibel–Palade bodies – specialized
endothelial-specific storage granules for bioactive molecules [30]
– seems unlikely due to two facts: (1) Weibel–Palade body secre-
tion requires the coordinated function of distinct Rab proteins,
including Rab27a [31] and (2) Weibel–Palade body secretion is
an exocytotic process, which is not known to involve inward bud-
ding events and the generation of exosomes as observed for the
biogenesis of MVBs and the subsequent release of exosomes.
In summary, we revealed a KLF2-induced miR-specific export
mechanism in endothelial cells and found miR-143 and miR-150
to be extensively secreted. As previously seen for miR-143,
secretion of miR-150 is mediated by detergent-sensitive lipid vesi-
cles. By screening Rab GTPases for their contribution to miR export,
we found miR-143 to be dependent on Rab7a and Rab27b. Strik-
ingly, Rab27a – the homolog of Rab27b – seems not to be essential
for miR-143 export thereby underlining a non-redundant function
of these protein isoforms in HUVECs. In contrast to miR-143,
export of miR-150 was found to be independent of the protein fac-
tors analyzed and appears to be mediated by a distinct secretory
pathway.
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